Background and objectives The Francophone Africa Transfusion Research Network conducted the first large and comprehensive surveys on the status of blood safety in francophone African countries in 2009 and 2012. Since then, there has been substantial investment in blood safety but little is known about progress made in the region.
Introduction
Despite notable improvement in the last decades, the lack of blood to treat severe perinatal haemorrhage contributes to up to 72% of maternal deaths [1] and the mean HIV residual risk is 1/29 000 blood donations in several African countries [2] . Significant gaps remain in safe blood availability and in employing appropriate clinical transfusion guidelines. As different regions have different levels of development and infrastructure, with significant interregional variability also, each has specific challenges to the availability and safety of blood [3] .
In 2008 and 2011, French-speaking countries had a high overall positive rates of transfusion-transmitted infections (TTI) of 12Á8% and a low proportion of blood orders fulfilled of 50% as reported by the Francophone Africa Transfusion Research Network [4, 5]. There was a limited level of implementation of quality systems in most countries especially in services using rapid tests for TTI screening [6, 7] .
To address these deficiencies, the network supported participating blood services through advisory meetings, external quality assessments, regular individual staff training and mentorship [8] . Some technical assistance such as training, capacity building and quality systems implementation was also provided by Ministries of public health with technical support from Safe blood for Africa Foundation, WHO, CDC/PEPFAR, Global fund, Safe Blood for Africa Foundation or Africa Society for Blood Transfusion (AfSBT) [9, 10] .
Since that time, a systematic reassessment has not been conducted in Francophone Africa blood services to measure progress made. In addition, safety indicators have not been compared between hospital-based blood banks and centralized blood transfusion services.
We conducted a study to provide contemporary data on blood services, donors and blood products within the Francophone research network and compare them with previous data collected in the same region.
Methods

Study design
We conducted a multicenter cross-sectional survey on characteristics of blood transfusion services which were members of the Francophone Africa Transfusion network during calendar year 2016 and compared the new data to previously published results from similar surveys in 2009 and 2012 [4, 5] .
Subjects and sampling
An invitation to participate was emailed to all the 51 network member blood services. The 51 members included nine National Blood Service (NBS), 17 Regional Blood Service (RBS), 20 Hospital-based blood bank (HBB) and 5 collection sites (CS). We enrolled 38 blood facilities amongst the 51 in the network based only to their willingness to participate. The blood services enrolled were either a National service, regional service, hospital-based blood bank or a collection site. A collection site is a small blood service generally located in small cities or remote areas that only collects and store blood while testing is additionally performed in hospital-based, regional and national services. A national blood service covers blood safety activities at national level while regional services cover a region under national service authority. Hospitalbased service is under authority of hospital in which they are located while regional and national services are autonomous.
Questionnaire and data collection
Data were collected for the period 1 January 2016 to 31 December 2016. A web-based questionnaire was developed and sent to all members of the research network to collect data. It was self-administered and structured to obtain standard blood safety data in four specific domains according to type of blood services: 
Data analysis
Data were entered in Excel 6Á0. Data were analyzed according to the type of blood service: national blood service, regional blood service, hospital-based blood service and collection site. The following outcomes was calculated: proportion of blood orders fulfilled, proportion of mobile collection, proportion of voluntary non-remunerated blood donation (VNRBD), proportion of deferred donors, TTI positive rates, proportion of whole blood issued. Means, median and ranges of key blood safety characteristics were calculated for each data where applicable and distributed according to the four main types of blood centre. We compared the medians using chisquared tests. A difference in the results with a P-value < 0Á05 was considered significant.
The study was exempt from institutional review board approval because only summary data without identifying information on donors was collected. Nevertheless each participating blood service reviewed the protocol and the questionnaire and provided a written agreement to participate. Blood service names are not cited in this report.
Results
Study population
A total of 38 blood services from 11 francophone countries participated in the survey including six National blood services, 13 Regional services, 17 hospital-based blood services and two collection sites. Blood transfusion services from eleven sub-Saharan African countries participated in the study: four from Central Africa (Cameroon, Congo-DRC, Gabon, Chad), five from Western Africa (Benin, Burkina Faso, Ivory Coast, Niger, Togo) and two from Southern Africa (Comores, Madagascar) (Fig 1) .
These services collected 572 933 units from 366 844 blood donors during the study period. Fulfilment of blood orders ranged from 20Á5 to 100% with the highest proportion in national blood services (75Á5%) ( Table 1 ). The mean proportion of VNRBD was higher in collection sites and lower in hospital-based blood services. The positives rates of HIV, HBV, HCV and Syphilis reported the participating services were 1Á4(0Á2-3Á7), 6Á2 (0Á4-11Á1), 1Á6(0Á1-5Á8), 1 (0Á0-5Á1), respectively.
Comparison of blood safety characteristics with previous studies
The survey noted a reduction in TTI seroprevalence in the current survey compared to those of 2009 and 2012 (Table 2) . Between 2012 and 2017, the median proportion of voluntary non remunerated blood donation, proportion of regular blood donors and mobile collections increased by 22% (P = 0Á004), 31Á8% (P = 0Á001) and 57Á6% (P = 0Á000) respectively. Between 2009 and 2017, the median seroprevalences of HIV, HBV, HCV and Syphilis decreased from 2Á1 to 0Á9 (P = 0Á01), from 10Á3 to 6Á7 (P = 0Á00), from 3Á2 to 1Á3 (P = 0Á006) and from 1 to 0Á4 (P = 0Á03), respectively. From 2012 and 2017, the median proportion of blood orders fulfilled decreased (-18Á2%) (P = 0Á001) and the proportion of deferred donors increased (+2Á7%) (P = 0Á12).
Comparison of blood safety characteristics according to type of blood services Details of comparison of blood services are presented in Table 3 . The number of technical staff per 1000 donations ranged from 1 to 54, with the highest ratio found in hospital-based blood services. Only two of 17 hospitalbased blood centres had implemented a blood donor recruitment program compared to 6 of 6 for national blood services. The median HIV-positive rate was similar in national blood service (1Á6%; range 0Á2-2Á9) and in hospital-based blood services (1Á5%; range 0Á4-3Á9). A total of 21 services (55Á2%) prepared blood components among which five over 17 Hospital blood banks and 6 over 6 national blood services.
Secondary findings in donor blood testing techniques
We also found that rapid tests for HIV, HBV, HCV and Syphilis screening were used by 71% to 76Á3% of blood services (Table 4) irrespective of the agent. All the 17 hospital-based blood services used rapid testing compared to only three of six National blood services. No laboratory performed nucleic acid testing.
Discussion
Our survey shows an increase of more than 20% in proportion of voluntary donations between 2012 and 2016 and a reduction in more than 7% in overall seroprevalence of transfusion transmitted infections between 2009 and 2016. However hospital-based blood services had worse blood safety indicators compared to regional and national blood services.
When comparing current data with previous observations by our research group [4, 5] and WHO report [10] , we noted an increase of more than 50% in average proportion of VNRBD and regular blood donation compared to our 2012 survey. Thus, the effects of national and international initiatives are apparent in donor recruitment, education and motivation campaigns. Comparison in donation of 2012 or 2016 data with 2007 data may be less reliable since only seven facilities were assessed. Similar effects are also seen in reduced TTI prevalences by 1-2% compared to 2012. This result can be explained by the increase in the proportion of VNRBD but also by the progressive implementation of good practices during donor deferral in African blood services [11] . Indeed, the challenge of getting safer blood units is not only in recruitment and retention of VNRBD but also in donor deferral as several blood services had not implemented a donor health questionnaire in 2012. High prevalences of TTI were still observed at some services in this survey may be related to a lack of optimal donor deferral based on questionnaires incorporating locally appropriate risk factors [5, 12, 13] . This study therefore fills the gap in knowledge on blood safety indicators between 2012 and 2017. It is unclear why unmet demand increased despite increase in voluntary donation and retention. This issue could find a possible explanation in the inappropriate patient blood management and clinical use of blood in Africa previously reported [1] .
As expected, the hospital-based blood banks do less donor recruitment, produce fewer components and are less likely to have a dedicated quality manager. Hospital-based blood banks have previously been reported to have less donor recruitment, lower proportions of VNRBD and higher TTI prevalence [10, 14, 15] . The lack of administrative, financial and technical autonomy may lead to lower quality blood safety activities, especially donor management and clinical use of blood, because these activities receive lower priority when blood collection is located in a general laboratory with competing priorities. National and regional services have more numerous senior staff. They are the most trained in blood safety and probably have better experience as reported earlier [16] . African countries that have implemented National Blood services have better blood safety indicators in blood collection, TTI screening and clinical use of blood [10] . However, there is still a large proportion of blood services located inside hospitals and under hospital control. For all these reasons, this study suggests that transfusion services should be preferably set up as autonomous national blood services, especially when blood donor management activities are concerned. However, centralized blood banking systems also have considerable financial implications due to the high cost of voluntary donation programs, collection and distribution of blood and products in remote areas. Some evidences showed the benefit of hybrid approach that maintains the progressive establishment of centralized blood banking infrastructure, while simultaneously supporting regional and local hospital transfusion facilities [17] . All participating blood services reported that they screen all their blood products for the four major TTI and conduct ABO Rh blood grouping. These findings are consistent with results from previous studies [5, 10] but should not hide huge technical difficulties faced by blood services in TTI screening. Few facilities used EIA technique despite recommendation from our previous studies, probably due to limited funding. Compared to rapid testing, EIA techniques have higher sensitivity in screening TTI markers [6] and the use of rapid testing leads to false-negative results and higher residual risk of TTI [2] .
To reduce technical errors, there is a need to implement at least a minimum quality management systems (QMS), at least those which do not need special financial investment. At this stage of development, very few blood services in Francophone area have adopted the full implementation of a QMS despite support of technical bodies like AfSBT, CDC, AABB or WHO. Few have appointed a quality manager, referred to recognized standards or perform external quality assessment. This is certainly the next most important challenge for African blood services as QMS has been shown to have a large benefit for blood safety [18, 19] .
Of note, staffing was six times larger in this survey compared to survey of 2011 in which some of the same facilities participated. The number of trained staff per 1000 donation increased fivefold between 2011 and 2017 [16] . This increase could be explained by better training programmes and subsequent appointment of trained staff in the facilities under programmes conducted by the 
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Syphilis prevalence% (median (range)) MoPH and supported by CDC, European Union and WHO. The level of education and experience of staff was not included in the current survey, an omission which should be addressed as these qualities were rather low in the 2011 study [16] . The staffing ratio was calculated by dividing the number of staff working in the blood services by the number of annual donations. The fact that clinical laboratory staff are also working in HBB in a routine and rotation base may explains the higher staffing ratio per 1000 donation in HBB. We recognize some limitations in this survey. We did not enrol exactly the same facilities and Francophone countries in the current and 2012 studies. The absence of quality monitored testing and using rapid assays limit the validity of TTIs rates as performance of rapid assays vs. confirmatory assays are lower than those of EIAs [6, 7] . However, the 2012 study used similar methods and included a similar number and type of participating services in the same group of countries. In addition, participation rates were similar between the 2012 and 2017 surveys, with each including more than 60% of current members of the research group. Thus, the measurement of the magnitude of difference between blood safety characteristics recorded in the two studies may reflect a true improvement in francophone blood services. Indeed, in its 2017 survey, WHO also noticed an improvement in Francophone countries between 2010 and 2013 [10] . An additional limitation of this survey is that median differences in key indicators comparing this study to previous ones lacked a confidence interval and data were not broken down by donor age and sex or type of donation. The study did not break down TTI prevalence according to type of donation, age or sex. However, the age and sex distribution of Francophone African donors has not changed much over the last 10 years, namely ages 20 to 30 years with male predominance in most countries [4, 12, 20] .
In summary, this study shows that several measures of blood service quality including TTI prevention and improved blood supply have improved significantly in the last four to 5 years. It also shows that centralized blood services may have better blood safety indicators compared to hospital-based blood services. Reduced funding of transfusion services over the last years might impact negatively the current progress. We believe these data support the continuation and reinforcement of support to blood safety programmes in Francophone Africa. The study also highlights the need of data from local research network for analysis, monitoring and evaluation, and development of appropriate interventions in the field of transfusion safety.
